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The ability to program different atrioventricular (AV)
delay intervals for paced and sensed atrial events is incor-
porated in the design of some newer dual chamber pace-
makers. However, little is known regarding the hemody-
namic benefit of differential AV delay intervals or the
magnitude of difference between optimal AV delay intervals
for paced and sensed P waves in individual patients . In this
study, Doppler-derived cardiac output was used to examine
the optimal timing of paced and sensed atrial events in 4
patients with a permanent dual chamber pacemaker
. The
hemodynamic effect of utilizing separate optimal delay
intervals for sensed and paced events compared with utiliz-
ing the same fixed AV delay interval for both was deter-
mined .
The optimal delay interval during DVI (AV sequential)
pacing and VDD (atrial triggered, ventricular inhibited)
pacing at similar heart rates was 176 ± 44 and 144 ± 48 ms
(p < 0 .00 ), respectively . The mean difference between the
optimal AV delay intervals for sensed (VDD) and paced
(DVI) P waves was 3
ms and was up to 100 ms in some
individuals . The difference between optimal AV delay in-
tervals for sensed and paced atrial events was similar in
The preservation of atrioventricular (AV) synchrony by dual
chamber pacing has been shown to provide hemodynamic
benefit over that of ventricular pacing, in both short (1-19)
and long-term (13, 0) interventions, at rest (1-19) and during
exercise ( 0- 3) and in patients with a normal (3,11) or
diseased ( ,5-7,9-1 ) heart
. Besides the mere presence of
From the Department of Internal Medicine . Division of Cardiology . St .
Louis University Medical Center, St . Louis, Missouri .
Manuscript received September 7 . 1988 ; revised manuscript received
February 7, 1989, accepted March 1, 1989 .
Address for reprints : Denise L . Janosik, MD . St . Louis University
Medical Center, Department of Internal Medicine, Division of Cardiology,
3635 Vista at Grand, Box 15 50 . St . Louis, Missouri 63110 .
©1989 by the American College of Cardiology
patients with complete heart block and those with intact AV
node conduction . At the respective optimal AV delay inter-
vals for sensed and paced P waves, there was no significant
difference in the cardiac output during VDD compared with
DVI pacing . However, cardiac output significantly declined
during VDD pacing at the optimal AV delay interval for a
paced event and during DVI pacing at the optimal interval
for a sensed event . An 8% increment in rest cardiac output
was achieved by optimizing the AV delay interval for sensed
P waves rather than utilizing the same AV delay interval
that was optimal for a paced P wave.
In conclusion, this study demonstrates that in most
patients with dual chamber pacemakers, the optimal AV
delay interval differs depending on whether a P wave is
paced or sensed and that utilization of differential AV delay
intervals results in a significant increase in rest cardiac
output . This result suggests that the ability to program
separate AV delay intervals for paced and sensed P waves is
useful in those patients in whom it is critical to maximize
rest cardiac output .
(J Am Coll Cardiol 1989 ;14:499-507)
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atrial systole, the temporal relation between atrial and ven-
tricular contraction is important in optimizing hemodynam-
ics during cardiac pacing . An appropriately timed atrial
systole maintains low mean atrial pressure, thus facilitating
venous return ( 4- 9), increases preload by means of the
Starling principle ( 4) and coordinates AV valve closure,
thereby minimizing regurgitation (30,31) . Previous studies
have demonstrated that a programmable AV delay interval
that maximizes cardiac output can be determined in most
patients with AV sequential pacing (4-6,8,9,1 ,15,16,
18,3
,33) and that even small deviations from a patient's
optimal AV delay interval can result in significant decreases
in cardiac output (6,10,18) .
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Figure 1 . Programmed atrioventricular (AV) delay interval (AVDI)
and effective PQ intervals . A, For a paced P wave, the programmed
AV delay interval of 00 ms begins with the atrial pacing spike .
Because 40 ms is required for atrial capture, the effective PQ
interval is only 160 ms . B, For a sensed P wave, the programmed AV
delay interval of 00 ms begins with atrial sensing . Because there is
a 40 ms latency in atrial sensing, the effective PQ interval is 40 ms .
C, For a sensed P wave with 40 ms of AV delay hysteresis
programmed, the programmed AV delay interval automatically
shortens to 160 ms . Now with the 40 ms latency in atrial sensing, the
effective PQ interval is 00 ms .
In an individual patient, there is a discrepancy between
the effective or physiologic PQ interval and the programmed
AV delay interval during atrial pacing and sensing . When a
paced P wave occurs, the programmed AV delay interval
begins simultaneously with the atrial pacing spike, whereas
the effective PQ interval begins with atrial capture (Fig . IA) .
The effective PQ interval is therefore shorter than the
programmed AV delay interval . When a sensed P wave
occurs, the programmed AV delay interval begins when
atrial sensing occurs, whereas the effective PQ interval
begins with the onset of the native P wave (Fig . 1B) .
Therefore, the effective PQ interval is longer than the
programmed AV delay interval . To maintain a more constant
effective PQ interval, some dual chamber pacemakers allow
the selection of different AV delay intervals depending on
whether a P wave is sensed or paced (Intermedics) or they
incorporate the feature of AV delay hysteresis or AV delay
fallback (Biotronik), which causes an automatic specified
decrement in AV delay intervals when a sensed rather than
a paced P wave occurs (Fig . 1C) .
However, the advantage of differential AV delay intervals
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is largely theoretical and the hemodynamic benefit of this
feature has not been validated . Accordingly, this study was
designed to 1) determine the optimal timing of sensed
compared with paced P waves in patients with a dual
chamber pacemaker using Doppler-derived cardiac output ;
) determine whether selection of different AV delay inter-
vals for sensed and paced P waves results in a significant
increase in rest cardiac output compared with utilizing a
fixed AD delay interval for both sensed and paced atrial
events ; and 3) identify Doppler-echocardiographic variables
that might predict optimal AV delay intervals for individual
patients .
Methods
Study group (Table 1) . The study group comprised 4
patients with a permanent dual chamber pacemaker . There
were 16 men and 8 women with a mean age of 71 years . At
the time of the study, 11 patients had complete heart block
and 13 were in sinus rhythm with intact AV node conduc-
tion. The underlying cardiac disease was coronary artery
disease in 11 patients, idiopathic dilated cardiomyopathy in
, congenitally corrected transposition of the great vessels in
1 patient, hypertrophic cardiomyopathy with no significant
intraventricular gradient in 1 and rheumatic valvular disease
in 1 . Mitral regurgitation by Doppler examination was
present in 7 patients, aortic regurgitation in and tricuspid
regurgitation in . Eight patients had primary conduction
disease with no apparent structural heart disease . The study
protocol was approved by the Institutional Review Board of
St . Louis University on July 31, 1986 . Informed consent was
obtained from all subjects .
Pacemaker programming . Pacemakers were pro-
grammed to VDD (atrial-triggered, ventricular-inhibited),
DVI (AV sequential) and VVI (ventricular pacing alone)
pacing modes . The lower rate limit in VDD mode was
programmed lower than the patient's intrinsic atrial rate so
that atrial sensing and ventricular pacing occurred . The
lower rate in the DVI and VVI modes was programmed 3 to
6 beats higher than the patient's underlying atrial rate . AV
delay intervals were programmed from 50 to 300 ms during
VDD and DVI pacing . Specific AV delay intervals varied
slightly depending on the pulse generator model . The num-
ber of AV delay intervals utilized was dependent on whether
intact AV node conduction was present; on average, five AV
delay intervals per patient were used . A period of to 3 min
was allowed at each pacemaker setting for hemodynamic
equilibration before Doppler measurements were acquired .
The order of pacemaker settings was randomly selected .
Doppler-echocardiographic studies . Doppler-echocardio-
graphic examinations were performed with use of commer-
cially available phased array imaging systems (Irex Meridian
or Hewlett-Packard Series 60) that incorporate a pulsed
Doppler flow meter. These systems utilize either a .5 or a
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Table 1 . Clinical, Hemodynamic and Pacemaker Characteristics in 4 Patients
3 .5 MHz transducer for M-mode and two-dimensional echo-
cardiography and have the capability of simultaneous echo-
cardiographic imaging and Doppler interrogation . Baseline
M-mode and two-dimensional echocardiograms were per-
formed with patients in the supine or left lateral decubitus
position . Pulsed Doppler examinations were performed from
the apical five chamber window at each mode and AV delay
interval setting . The Doppler beam was oriented parallel to
aortic valve flow and then parallel to mitral valve flow .
Sample volumes were placed at the level of the left ventric-
ular outflow tract for aortic valve flow and at the level of the
mitral anulus for mitral valve flow . The identical sample
volume positions and depths were recorded and carefully
maintained throughout the study . The Doppler flow velocity
signals and simultaneous lead II electrocardiogram (ECG)
were displayed on a monitor and recorded on a strip chart
recorder at a paper speed of 50 mm/s for aortic valve flow
and 100 mm/s for mitral valve flow .
Doppler-echocardiographic measurements . Left atrial
size, left ventricular end-diastolic and end-systolic diameters
JANOSIK ET AL .
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AV = atrioventricular ; CAD = coronary artery disease ; CO = cardiac output at optimal AV delay interval
: CHB = sinus rhythm with complete heart block :
CTGA = congenitally corrected transposition of great vessels ; DCM = dilated cardiomyopathy
: DVI = AV sequential pacing ; F = female ; HCM = hypertrophic
cardiomyopathy ; A = difference between optimal delay interval in DVI and VDD modes ; M = male
; N = primary conduction disease : RHD = rheumatic heart
disease ; SR = sinus rhythm with intact AV node conduction : UR = underlying rhythm : VDD = atrial-triggered, ventricular-inhibited pacing mode ; VVI =
ventricular demand pacing .
and left ventricular shortening fraction were measured from
the M-mode echocardiogram . Doppler flow velocity mea-
surements were made on a Houston Instruments digitizing
pad interfaced to an Apple II E computer utilizing custom
made software . In VDD and DVI modes, the average of >5
consecutive beats was used for measurements, whereas in
the VVI mode >_l0 consecutive beats were averaged . Care
was taken to ensure that appropriate sensing and capture of
the atria occurred by analysis of the simultaneously recorded
ECG and mitral velocity recording . From the left ventricular
outflow recordings, heart rate and flow velocity integrals
were measured at each pacemaker setting . The diameter of
the left ventricular outflow tract was measured at the level of
the aortic anulus in the parasternal long-axis view . The
cross-sectional area of the outflow tract was calculated from
the formula area = 1r (diameter/ ) . Cardiac output was
derived by multiplying the cross-sectional area of the left
ventricular outflow tract by the product of the heart rate and
the flow velocity integral (34) . The cardiac output was
calculated for each pacing mode and AV delay setting and
Age
Patient (yr)/
No . Gender
Underlying
Rhythm
Cardiac
Disease
Heart Rate (beats/min)
Cardiac Output (liters/min) Optimal AV Delay Interval (ms)
DVl
VDD
VVI
DVI VDD DVI VDD A
I 61/M CHB CTGA 51 5 .4 3 .3 3 .5
00 00 0
7
/M CHB CAD 80 81 6 .7 8 . 8 .4 00 50 -50
3 7 /M CHB N 6
60 3 .3 3 .9 4 . 00 1 5 75
4 66/F CHB CAD 75 76 3 .3 5 .1 5 .1
1 5 75 50
5 71/M
CHB N 65 64 .8 3 .7 4 . 190 140 50
6 69/M CHB CAD 75 71 5
.1
5
.5 5 .3 50 1 50 100
7 37/M CHB HCM 80 76 5 .8 5 .9 7 .1 00 50
-50
8 80/M CHB CAD 6
63 5 .9 5 .6 6 .1 50 175 75
9 56/M CHB CAD 65 67 .8 3 .6 3 .6
50 00 50
10 61/F CHB N
6 55 3 .5 4 3 .5 150 1 5 5
11 69/M CHB RHD 83 77 6
8 .1 7 .9 15 165 50
1 74/M SR CAD 7 70 3 .6 5 .7 4 .8 175 150
5
13 77/F SR
N 70 7 6 7 .8 7 .1 150 150 0
14 66/M SR CAD 55 51 .1 3 .9 175
75 100
15 63/M SR CAD 75 78 .8 4 4 .6 75 1 5 -50
16 74/M SR CAD 70
65 .9 4 . 4 1 50 175 - 5
17 60/F SR N 65 65 . .6 3 1 5 75
50
18 71/F SR N 75 71 1 .8 3 .3
3 .3 150 150 0
19 76/F SR DCM 80 79 3 .5
3 .3 175 1 5 50
0 66/M SR CAD 6 58 .6 4 .5 4 .1 165 115 50
1 43/M SR CAD 60
58 3 .6 3 .9 4 .1 00 1 5 75
76/M SR DCM 75 74 .5 3 .5 3 .6 1 5 75 50
3 55/F
SR N 65 69 .4 4 .4 4 .3 00 1 5 75
4 7 /F SR N 80 7 3 .6 4 .5 4 .5
1
5
1 5 0
Mean ±SD 69 ± 9 68 ± 9 3 .6 ± 1.4 4.6 ± 1.6 4 .7 ± 1 .5 176 ± 44 144 ± 48 3 ± 50
Range (51 to 83) (51 to 81)
(1 .8 to 6 .0) ( .5 to 8 . ) ( .9 to 8 .4) (75 to 50) (75 to 50) (-50 to 100)
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AVDI=50 ms
FVI=14.9 cm
AVDI=175 ms AVDI=300 ms
FVI=19.0 cm FVI=15.3 cm
Figure . Left ventricular outflow recordings at AV delay intervals
(AVDI) of 50, 175 and 300 ms during DVI (AV sequential) pacing .
The AV delay interval of 175 ms results in the largest flow velocity
integral (FVI) . Cardiac output is the product of the flow velocity
integral, heart rate and cross-sectional area of the left ventricular
outflow tract .
expressed as a percent increase over the patient's cardiac
output during VVI pacing .
The optimal AV delay interval was defined as the AV
delay interval resulting in the highest cardiac output and was
determined for DVI and VDD pacing modes in each patient
(Fig . and 3). The difference between the optimal AV delay
intervals in VDD and DVI pacing modes was calculated for
each patient and referred to as the "0 optimal AV delay
interval ." From the Doppler mitral inflow recordings, the
peak velocity during early diastole and peak velocity during
atrial systole and their ratio were calculated . In addition, the
areas under the early filling curve (early integral) and the
Figure 3 . Relation between cardiac output and atrioventricular
delay interval (AVDI) during VDD (atrial-triggered) and DVI (AV
sequential) pacing . In this patient, the optimal AV delay interval was
00 ms during VDD pacing and 50 ms during DVI pacing .
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Figure 4. Optimal atrioventricular (AV) delay intervals for paced
and sensed atrial events .
atrial filling curve (atrial integral) and their ratio were calcu-
lated . These measurements accurately reflect relative filling
rates and volumes during diastole and, therefore, are a
measure of left ventricular diastolic function (35) . The rela-
tion of electrical to mechanical atrial events was determined
by measuring the time from the atrial pacing spike to peak
mitral A wave during DVI pacing and the time from the onset
of the P wave to peak A wave during VDD pacing .
Statistics . Results are presented as mean values ± SD .
Analysis of variance for repeated measures was used to
evaluate changes in Doppler cardiac output with changes in
pacing mode and AV delay interval . Paired and unpaired
Student t tests were applied when appropriate . Correlations
between optimal AV delay interval and the measured Dopp-
ler-echocardiographic variables were determined by linear
regression analysis .
Results
Optimal AV delay intervals for sensed and paced P waves
(Table 1). For the overall group, the mean optimal AV delay
interval for a paced P wave (DVI pacing) was 176 ms and for
a sensed P wave (VDD pacing) was 144 ms (p < 0 .00 ) (Fig .
4) . In 16 patients, the optimal AV delay interval for a sensed
P wave was shorter than that for a paced P wave ; in 4
patients it was longer, and in 4 patients there was no
difference in the optimal AV delay interval in the two pacing
modes . The optimal AV delay interval was longer in patients
with complete heart block than in those with intact AV node
conduction in DVI ( 03 versus 153 ms, p = 0.04) and in VDD
(169 versus 1 ms, p = 0.03) pacing modes . Longer AV
delay intervals could not be utilized in most patients with
intact AV node conduction because an intrinsically con-
ducted QRS occurred . There was no significant difference
JACC Vol . 14, No
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Figure 5
. Doppler-derived cardiac output during atrial-triggered
(VDD) pacing at the optimal atrioventricular (AV) delay interval
(AVDI) for a paced P wave and during AV sequential (DVI) pacing
at the optimal AV delay interval for a sensed P wave .
between the cardiac output at the optimal AV delay intervals
and the cardiac output with an intrinsically conducted QRS
complex for paced or sensed P waves . In fact, in 6 of 13
patients with intact AV node conduction, an artificially
shortened AV delay interval with a paced QRS complex
resulted in a higher cardiac output than did an intrinsically
conducted QRS complex with a natural PR interval .
There was no correlation between the optimal AV delay
interval in either pacing mode and left atrial size, left
ventricular end-systolic and end-diastolic dimensions, left
ventricular shortening fraction, time from the onset of the
atrial pacing spike or sensed P wave to the peak A wave,
peak early to peak atrial velocity ratio or early to atrial
integral ratio .
Cardiac output during VVI, VDD and DVI pacing (Table
1) . At the optimized AV delay settings, the Doppler-derived
cardiac output during DVI and VDD pacing was significantly
higher than the cardiac output during VVI pacing . Compared
with results of ventricular pacing alone (VVI), there was a
36% increment in cardiac output with VDD pacing (p < 0 .05)
and a 33% increase with DVI pacing (p < 0 .05). At the
respective optimal AV delay intervals for paced and sensed
P waves, there was no significant difference between the
cardiac outputs during DVI and VDD pacing . However, at
the optimal AV delay interval determined for a paced P
wave, the cardiac output was 6% lower during VDD pacing
than during DVI pacing (p < 0 .005) (Fig . 5) . Likewise, at the
optimal AV delay interval determined for a sensed P wave,
the cardiac output was 10% lower during DVI pacing than
during VDD pacing (p < 0 .00 ). Selection of the optimal AV
delay interval for a sensed atrial event rather than utilizing
the same AV delay interval determined for a paced P wave
resulted in an 8% increase in cardiac output
.
A Optimal AV delay interval for sensed and paced P waves
.
For the overall group, the mean difference of the optimal AV
delay interval for DVI pacing minus the optimal AV delay
JANOSIK ET AL .
	
503
DIFFERENTIAL AV DELAY DURING PHYSIOLOGIC PACING
-50 - 5 0 5 50
DAVDI (ms)
75 100
Figure 6 . Difference in optimal AV delay intervals between paced
and sensed P waves . 0 AV delay interval = optimal AV delay
interval during AV sequential (DVI) pacing minus the optimal AV
delay interval during atrial-triggered (VDD) pacing .
interval for VDD pacing (A AV delay interval) was 3 ms and
ranged from -50 to 100 ms (Fig . 6) . The most frequent A AV
delay interval was 50 ms (8 of 4 patients). This interval was
34 ± 50 ms for patients with complete heart block and 31 ±
43 ms for patients with intact AV node conduction (p = NS) .
There was no correlation between the A AV delay interval
and the time from the atrial pacing stimulus or sensed P wave
to the peak of the mitral A wave or with any of the measured
Doppler-echocardiographic variables of systolic or diastolic
function .
Discussion
Previous studies . Previous studies utilizing invasive and
noninvasive hemodynamic measurements demonstrate that
atrial-triggered (VDD) and AV sequential (DVI) pacing
augment rest cardiac output by 10% to 34% (1-19) and
maintain a lower mean atrial pressure relative to left ventric-
ular end-diastolic pressure compared with ventricular pacing
alone (VVI) ( 4- 9). The hemodynamic advantages of AV
synchrony have also been demonstrated with exercise ( 0-
3) and after long-term (13, 0) as well as acute changes from
VVI to dual chamber pacing . The beneficial effects of atrial
systole have been reported in patients with left ventricular
hypertrophy ( 4), left ventricular systolic dysfunction (7)
and valvular heart disease
(6,16),
after myocardial infarction
(5,36-38) and cardiac surgery (6) and in those with a struc-
turally normal heart (3,11) .
The relative contribution of atrial
systole to cardiac output may vary depending on heart rate
(7,3 ,39-43), left ventricular systolic and diastolic function
(13,37), left ventricular filling pressure (44), the presence of
valvular heart disease (16), retrograde ventriculoatrial con-
duction during ventricular pacing (11), left atrial size and
contractility (14), and the timing between atrial and ventric-
ular contraction (4-6,10,13,16-19,3 ,33,40-43,45) .
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The physiologic importance of the temporal relation
between atrial and ventricular contraction has long been
recognized. In 1911, Gesell (45) noted that the maximal
contribution to left ventricular filling occurred when atrial
systole terminated 0.008 to 0 .0 0 s before the beginning of
ventricular systole . In animal studies ( 8, 9), inappropri-
ately timed atrial contractions have been noted to cause
increases in mean left atrial pressure relative to left ventric-
ular end-diastolic pressure and pulmonary venous regurgita-
tion resulting in a "negative atrial kick ."
The timing and vigor of atrial contraction are important
in coordinating mitral valve closure through reversal of the
AV pressure gradient before the onset of ventricular con-
traction, thus reducing the possibility of mitral regurgitation
(31,3 ). We have observed that very short AV delay inter-
vals (s75 ms) may not allow sufficient time for atrial
emptying before the onset of ventricular contraction (46) .
Work from our institution (46) and others (47) has demon-
strated that the time of mitral valve closure is inversely
related to AV delay interval during physiologic pacing and
excessively long AV delay intervals may cause early mitral
valve closure limiting diastolic filling time . Therefore, it is
not surprising that improperly timed atrially paced contrac-
tions may result in no significant increase or even a decrease
in cardiac output compared with ventricular pacing alone .
Relative hemodynamic benefit of atrial synchronous and
AV sequential pacing . In the present study, VDD (atrial-
triggered, ventricular-inhibited) pacing resulted in a 36%
increase and DVI pacing (AV sequential) in a 33% increment
in rest cardiac output over ventricular pacing (VVI) . This
augmentation in cardiac output by atrial systole during
physiologic pacing may be higher than that observed in other
studies (1-19) because of the effort to individually optimize
AV delay interval in the present study . Importantly, our
study demonstrates that, when the atrial and ventricular
timing sequence is optimized for paced and sensed atrial
events, VDD and DVI pacing modes provide equal benefit
compared with that of VVI pacing . This result is in contrast
with a previous study that utilized only two AV delay
intervals and suggested that VDD pacing may be hemody-
namically superior to DVI pacing because atrial contraction
produced by a naturally occurring sinus depolarization is
more effective than that generated by atrial pacing (17) . The
results of our larger study using a wider range of AV delay
intervals indicate that the timing of atrial contraction rather
than the sequence of atrial depolarization is critical in
maximizing cardiac output
.
Optimizing AV
delay intervals in individual patients . As
previous studies have shown (4-6,13,16,18), this study dem-
onstrates that in most patients with physiological pacing, one
particular AV delay interval is hemodynamically superior to
others. In the present study, deviations of as little as 5 ms
from an individual's optimal AV delay interval resulted in as
much as a 6% decrease in Doppler-derived cardiac output .
Similar observations have been made utilizing thermodilu-
tion, cardiac output (6) and radionuclide ventriculography
(10) . Previous investigators (4,8,10,13,16,3 ) have found AV
delay intervals of 100 to 00 ms to maximize cardiac output
in the majority of patients with an AV sequential pacemaker
with wide individual differences in optimal AV delay inter-
vals . With the exception of one study (16) which determined
the optimal AV delay interval during VDD pacing, all
previous studies examined optimal AV delay intervals dur-
ing AV sequential pacing
. In the present study, we found
that the optimal AV delay interval varied widely among
individual patients and ranged from 75 to 50 ms during DVI
and VDD pacing modes . Fifteen of the 4 patients had
optimal AV delay intervals of 150 to 00 ms during AV
sequential pacing and of 1 5 to 175 ms during atrial synchro-
nous pacing . In patients with intact AV node conduction,
shortening the AV delay interval so that a paced rather than
intrinsic ventricular depolarization occurred did not result in
a decrease in cardiac output when an attempt was made to
optimize the AV delay interval . In fact, in some patients
artificially shortening the AV delay interval to less than the
native PR interval resulted in substantial increases in cardiac
output . This result was observed after both sensed and
paced atrial events in some patients . Hartzler et al
. (16)
previously described this phenomenon during AV sequential
pacing in patients after cardiac surgery . Samet et al . ( )
found AAI and AV sequential pacing to be of equal hemo-
dynamic benefit compared with VVI pacing . These data
support the concept that the temporal relation of atrial and
ventricular contraction is more important in optimizing
hemodynamics than the sequence of ventricular depolariza-
tion which is abnormal with a ventricular paced event
.
It is difficult to predict a given patient's optimal AV delay
interval and most often this variable is empirically selected .
Several previous studies (9,17) have suggested a relation
between left ventricular function and optimal AV delay
interval . However, these studies contained a small number
of patients and yielded conflicting results
. In the present
study, we found no correlation between optimal AV delay
interval and measures of left ventricular systolic or diastolic
function including left ventricular end-systolic and end-
diastolic diameter, left ventricular shortening fraction, peak
early to peak atrial velocity ratio and early to atrial integral
ratio .
Although the programmed AV delay interval controls the
timing of right-sided AV contraction, it is the temporal
relation of atrial to ventricular systole on the left side of the
heart, which is hemodynamically important
. Wish et al . (19)
found that intraatrial conduction delay, determined by mea-
suring the time from the atrial pacing spike to the peak of the
A wave on the M-mode echocardiogram, was significantly
longer in patients with optimal AV delay intervals of 00 to
50 ms during DVI pacing than in patients with optimal AV
delay intervals of <_ 150 ms
. They suggested that this method
JACC Vol . 14, No .
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of measuring intraatrial conduction delay may be clinically
useful in selecting an individual's optimal AV delay interval .
We did not observe a similar relation between optimal AV
delay interval and the time from the atrial pacing spike to the
peak of the A wave on the mitral Doppler tracing . In the
present study, there was no significant difference in the time
from the atrial pacing spike to the peak of the A wave in
patients with optimal AV delay intervals of > 00 ms com-
pared with or < 00 ms. In the study of Wish et al . (19), the
mean intraatrial conduction delay in patients with optimal
AV delay intervals of 00 to 50 ms was 6 ms, and four of
the seven patients had an intraatrial conduction delay of
> 50 ms . The mean Doppler-determined intraatrial conduc-
tion delay in our study was 190 ms with the longest delay
being 40 ms. The difference in the distribution of intraatrial
conduction delays between the two study groups may par-
tially explain the conflicting results . Although patients with
an extremely long intraatrial conduction delay may benefit
most from a long AV delay interval, in a group of patients
with a more normal distribution of intraatrial conduction
delays it may be difficult to predict optimal AV delay interval
solely on the basis of intraatrial conduction delay . In patients
with a relatively normal intraatrial conduction delay in
whom it is critical to maximize cardiac output, it may be
necessary to determine Doppler cardiac output at various
AV delay intervals to select the most appropriate setting .
Optimal timing of sensed compared with paced atrial
events . Deviation between the physiologic PR interval and
the programmed AV delay interval depends on the latency
between the pacemaker stimulus and atrial depolarization
during atrial pacing and the delay between the onset of the
native P wave and atrial sensing during atrial tracking . A
number of factors including electrode position, lead and
circuit technology, amplitude and rate of stimulation, P wave
configuration, electrolytes, drugs and myocardial disease
may effect latency periods (48) . Hayes and Furman (49)
reported the latency from atrial stimulation to the time of
atrial intrinsic deflection to be about 50 ms during pacing
from the right atrial appendage . With use of event marker
channels, it has been observed (15) that atrial sensing and
initiation of the programmed AV delay interval occurs 30 to
50 ms after the onset of the native P wave . In the present
study, atrial contraction, as determined by the timing of the
peak A wave on the mitral valve Doppler tracing, occurred
40 ± 0 ms later with a paced P wave than with a sensed P
wave . These results are similar to those of other investiga-
tors who utilized alternative methods of timing atrial con-
traction . Using an intraesophogeal pill electrode, Ausubel et
al . (50) reported intraatrial conduction to be 7 ms longer
during right atrial pacing than during sinus rhythm . Alt et al .
(51) found that atrial contraction as measured by M-mode
echocardiography occurred 46 ± 4 ms later with atrial
pacing than with atrial sensing .
Wish et al . (18) demonstrated that stroke volume at the
50 5
optimal AV delay interval determined during DVI pacing
decreased by 9% in the supine and 11% in the upright
position when the pacing mode was changed to VDD pacing .
However, the optimal AV delay interval during VDD pacing
was not reported nor were the hemodynamic consequences
of changing to DVI pacing at the optimal AV delay interval
for a sensed P wave. Our present study demonstrates that in
the rest state, the optimal AV delay interval in a given
patient varies depending on whether a P wave is paced or
sensed .
Limitations of study . Because of the number of AV delay
intervals utilized in both pacing modes, each study was 1 .5
to h in duration . Therefore, factors other than changes in
pacing mode and AV delay interval such as altered preload,
afterload or ventricular contractility may have affected car-
diac output during this long time interval . These unmeasured
factors may be responsible for the unexpected finding of a
longer optimal AV delay interval during VDD than during
DVI pacing in four patients . The order of pacing mode and
AV delay intervals was randomly selected so it is highly
unlikely that extraneous factors are responsible for our
overall results . In this study, only short-term changes in
pacing mode and AV delay interval were assessed . It is
possible that long-term changes in these variables may
produce different results . However, in previous studies
(13, 0), the hemodynamic effects of short-term pacing mode
changes correlate well with long-term changes . Finally, this
study was conducted with patient at rest in the supine
position . The effects of upright position and exercise on the
hemodynamic significance of differential AV delay intervals
were not assessed . With exercise, atrial systole becomes
relatively less important as heart rate becomes the predom-
inant factor in increasing cardiac output . Differential AV
delay intervals may, therefore, be less important during
exercise .
Clinical relevance. This study demonstrates that in most
patients with a dual chamber pacemaker (physiologic pac-
ing), the optimal AV delay interval differs depending on
whether a P wave is sensed or paced . Optimizing AV delay
intervals for paced and sensed P waves results in a signifi-
cant increase in rest cardiac output compared with utilizing
a fixed AV delay interval for both sensed and paced events .
The majority of pacemaker patients spend a large percentage
of their time at rest or at low levels of exertion where the
atrial contribution to cardiac output is important . Particu-
larly in those patients with impaired left ventricular function,
the small but significant increment in cardiac output
achieved by utilizing differential AV delay intervals for
sensed and paced atrial events may be clinically important .
This observation suggests that AV delay hysteresis or dif-
ferential AV delay intervals that are being incorporated into
the design of some newer dual chamber pacemakers are
appropriate when maximizing the rest cardiac output is a
prime concern . Because of the large interpatient variation in
506
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the difference between optimal AV delay intervals for paced
and sensed atrial events, a wide range of settings should be
available .
We acknowledge the excellent secretarial assistance of Gloria Skelton and
Kathleen Smith in preparation of the manuscript .
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